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FOREWORD

This final report was prepared by Stanford Research Institute,
Menlo Park, California, under Contract AF 04(611)-11547 for the Air Force
Rocket Propulsion Laboratory. The report covers the peri»sd from May 2, 1966
to January 15, 1967,

N

The program is the responsibility of the Synthesis Research Department
of the Chemical Synthesis and Development Division. Scientists working
on the program include M.E. Hill, project supervisor, S.K. Brauman, who
assisted in the organization of the project and was responsible for the
review on thermal stability and decomposition kinetics, and R.A. Bell,
who collected and organized the data from the original reports, with
early assistance by E.J. Feinler. Empirical formulas and structures
were checked by D.L. Ross, C.L. Coon, D. Tegg, M.W. Lerom, and G.J.
McDonald. The authors acknowledge the valuable assistance of S.B. Whitehead
who typed the data compilation and, with the assistance of J. Lubeck, typed

the text of the introduction and discussion sections of the report.

The Air Force Rocket Propulsion Laboratory contract monitor is

Dr. William Leahy, RPCS.

This technical report has been reviewed and is approved.

William H. Ebelke
Colonel, VSAF
Chief, Propellant Division

114

UNCLASSIFIED




Table 1
Table II
Table III
Table IV
Table v
Table VI
Table VII
Table VIII

Sensitivity

Sensitivity
Esters, and

Sensitivity
Compounds

Sensitivity
Derivatives

Selected NF Compounds - Results of Impact Sensitivity

CONFIDENTIAL

TABLES

Data of Some Difluoroamino Alkanes .

Data of Some NF, Substituted Alcohols,
Ethers

Data of Some Tris-Difluoroamino Methyl

Data of Some Nitro-NF, and Guanidine NF,

Tests Versus Standard Values .

Selected NF
Sensitivity

Selected NF Compounds in Order of Decreasing Sensitivity

to DuPont

Activation Parameters for the Homogeneous Decomposition

Compounds in Order of Decreasing Static

of NF Compounds . . . . . ¢« & ¢« « « o & o« &

vii

CONFIDENTIAL

18

24

29

33

39

41

42

45




R

wh

75,

CONFIDENTIAL

I INTRODUCTION

Under the sponsorship of the Air Force Rocket Propulsion Laboratory,
Stanford Research Institute has undertaken to compile and correlate existing
sensitivity data on NF compounds. The results of the survey are summarized
in two reports, one a special critical evaluation document, and the second a
handbook of test data. "his handbook is provided by the present
report and is to serve as a reference source for investigators
in research and development and is intended to provide a guide in synthesis

programs and in the evaluation of NF compounds as propellants.

The large effort in synthesis and evaluation of NF compounds during
the past eight years has produced many organic and inorganic compounds
containing NF groups as the highly energetic oxidizing portion of the
molecule. However, the growth of knowledge councerning the reaction chemistry
and physical properties of the NF products has not been accompanied by

corresponding knowledge of the sensitivity characteristics of the various
NF classes, particularly in relation to their production and handling.

The information on sensitivity* obtained during synthesis research programs
has been primarily incidental and uncorrelated, guathered by laboratories
working independently of each other and each using empirical tests, often
modified from their "standard" forms. Other sensitivity testing has been
reported by laboratories engaged in development programs; however, such
testing related only to the compounds involved in specific formulations.
Consequently there is a melange of sensitivity information scattered
throughout the techn?cal literature. 11 addition, unsupported genceralized
statements are frequently heard to the effect that all NF compounds

per se are sensitive, while in actuality only certain classes

* . . . s .
For the purpose of this compilation, sensitivity, as an unmodified noun,

is defined as the tendency to react with potential or actual destructiveness
to a particular stimulus.
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have unusually dangerous sensitivity characteristics. This confused
situation is hindering advancement in using the NF compounds, because
investigators do not have a single source of information about their

sensitivity aspects.

Concern naturally arises about the sensitivity aspects of NF compounds
in general, and many groups in industry and government would like to replace
"impressions' with a more quantitative basis for making judgments. One of
these groups, the Committee on Sensitivity of New Materials,is charged
with making recommendations on overcoming the sensitivity problem, but it
does not have a working document relating to specific aspects of NF
compound sensitivity and desensitization. It is apparent that a study
was needed to assemble, and correlate existing data and also to
summarize the state of the art as related to the sensitivity of NF

compounds. The results of such a study are presented below.

This report is divided into three main parts: (a) handbook crganization,
which discusses the scope of the compilation and how the test results are
organized and presented; (b) a brief review of sensitivity test results,
which includes a correlation of general sensitivity with compound structure
and a discussion of thermal stability and kinetics and mechanisms of
decomposition; and (c) the compilation of test data with indexes and

references,
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II HANDBOOK ORGANIZATION

A, Scope of the Survey

The sources used for this compilation were primarily reports by
contractors and government agencies., Generally, a page~by-page Search
o." these reports was necessary because sensitivity testing of NF comn-
poi.nds was not consistently indexcd nder the subject headings in CPIA
Abstracts or in the Technical Abstract Bulletins, nor was sSensitivity
testing included as a heading in most report tables of contents., 1In
many laboratories much of the data was obtained for internal use and
was not intended as a part of a study. Nonetheless, these data were
abstracted because they helped define the general sensitivity problem
when added to other incidental information. The survey eventually
included data from reports of 45 laboratories of the 80 initially
surveyed, covering primarily the period 1960 through mid-1966. Informa-

tion was obtained on more than 400 compounds fror a review of approxi-

mately 1,000 reports.

Data selection was uncritical in the sense that no attempt was
made to evaluate the correctness of the resuli or to determine the
éfficacy of the tect used. In general all data and statements were
included that in some way define the sensitivity of NF compounds, Con=-
sequently, widely divergent results appear in the tabulations for some
compounds, a discrepancy which clearly indicates that sensitivity testing
is a real problem in itself, Obviously the bulk of quantitative sensi-
tivity data reported resulted from empirical testing. However, the
descriptive statements relating to sensitivity were abstrécted, especially
those which gave chemical and thermal stability information. Unexpected
incidents of decomposition or explosions also were included in the
tabulations because they shed light on the reality cf handling NF
compounds. Limitations in time and the difficulty of reproducing
large tables and extensive discussions prevented repeating such

material in this compilation, but references are given to the
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reports 1n which these appear., It was necessary to devise a consistent
method of reporting data in terms of the test being used; however, in
many instances the sources incompletely stated their results and these

are therefore repeated in this compilation in fragmentary form,

Sensitivity test data fell roughly into three categories: (a) results
of empirical sensitivity tests, which give the response of the compound to
an impetus of varying energy being imparted to it from an outside source;
(b) results of thermal stability tests,which try to det=nnine if there
is an inherent instability in the structural arrangement >f the energetic
compound; and (c) results of static sensitivity tests, which are probably
a reflection of a type of thermal energy input. The tests in category
(a) vary in severity and rate of energy input, the most common low energy
method being the familiar impact test which subjects a small sample to
a falling weight. A test with pressure inputs several magnitudes higher
is the "gap" or shock sensitivity test, in which a sample is shocked
to high pressure and temperature by an explosion wave from a donor
explosive, Thermal stability tests also vary in method of imparting
thermal energy to a test sample, Relatively slow temperature increases
are iatroduced until explosion or rapid decomposition occurs in the sample
in such tests as differential thermal analysis, autoignition, or hot bar
tests. 1In the vacuum thermal stability test a sample is held at constant
temperature, and rapid temperature increases are imparted to the sample
in the Wenograd and compression tests. Although not considered a stability
test, the friction sensitivity test is related to thermal stability
inasmuch as a compound is heated by a mechanically applied shearing action,
The spark or static sensitivity test is related to the tendency of a

compound to explode from ele:trostatic discharge.

B, Summary of Tests and Manner of Data Prasentation

A brief explanation of the tests abstracted and the manner of

presenting their results in this handbook follow:
1. Impact Tests

The impact test is one of the most common small-scale tests used

to evaluate possible handiing hazards of energetic compounds. Various

4
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devices have been built which in essence subject a sample of the test
compound to a free-falling weight. Variations among the tests arise
primarily in the manner of mounting and holding the sample. In some
procedures, a small amount of the compound is placed on a metal plate
and a weight is allowed to impact the sample. Other methods used,
particularly for liquid compounds, include placing the test material in
an enclosed cup and striking this assembly with a falling weight,
Variations in procedure for liquid samples usually involve control of

the bubble size above the liquid or elimination of & bubble entirely.

Bureau of Mines, Picatinny2€? Impact Tests., In making a test with

the Bureau of Mines apparatus, the powdered sample is spread uniformly on
a metal block and a steel plunger is lowered to rest on the sample, The
plunger is then hit by a falling weight from a predetermined height.
Several trials are made and the data are reported as the minimum height
of fall (in centimeters) required to produce explosions in 50% of the
trials., Thus the test data for this r.achine will read, for example,

20 ¢m, 2 kg (50% point); this means that the sample will fire 50% of the
ime when subjected to the impact of a 2 kg weight .%xlling from a
minimum height of 20 cm. To improve reproducibility and to alleviate
tool damagz, some laboratories vary this procedure by placing the sample
on a piece of sandpaper of known grit size before it is struck by the
weirht (Tpe 12 tools). '

In testing with the Picatinny apparatus a :'teel cup is filled with
the explosive material, covered with a metal cover, and surmounted with
a vented steel plug. The assembly is then struck by a falling weight.
Data from this test are reported in inches of height required for a pre-~
determined size of weight to produce a 50% probability of explosion,

The most frequent method of reporting impact sensitivity results for
propellant ingredients is in energy terms of the weight-~height product,
such as kilogram centimeters (kg-em) or kilogram inches (kg-in). The

size of weight involved and the results obtained on a standard explosive
may also be reported.
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JANAF Liquid Propellant Test (Test 4).2%% This test for liquid

propellant ingredients is the standard recommended by the JANAF Panel on
Liquid Propellant Test Methods. In this compilation the results obtained
using this procedure are identified by the term "Olin" after the commercial
source of the. test apparatus, A small sample of the liquid of standard
volume (in order to reproduce the size of cavity above the liquid in each
run) is placed within an elastic ring in a steel cup; a diaphragm is

then placed above the sample and ring to form a cavity. A piston with

a vent hole is placed on the diaphragm and the assembly is subjected to
the impact of a 2 kg free-falling weight., A positive result is indicated
by rupture of the diaphragm, accompanied by a loud report and destruction
of the parts in the assembly; however, some laboratories use other

criteria for interpretation of i go or no-go ignition, The test is
repeated at different heights, and a 504 point is determined by the

up-and-down method. The sensitivity value is given in height of fall

for the specified weight to produce a 5094 probability of explosion, or in
the weight-height product, kg-cm. Data may also be reported for a

standard explosive liquid such as nitroglycerine or n-propyl nitrate,
The Bureau cf Mines28® has recently studied this test and found that
results may vary with the type of mount for the apparatus, with misinter-

pretation of ignitions as negative or positive, and with erosion of

sample cups.

Ball Drop Test.’® This test is used on very sensitive materials

which would have very low impact values when tested by any of the methods
described above, The test consists of dropping an 8.3 gram, 3 inch steel
ball bearing on a sample placed on a flat plate, The impact height
obtained for five consecutive failures is reported as the impact sensi-
tivity. Since the amount of sample under confinement is very small, the
test is considered a very mild one. Consequently many common explosive
materials give negative results with this test, Positive results are
considered to be indicative of extreme sensitivity. The following data

give the relative eifects of this impact test on common materials,
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Compound Frilure FReight (inches)
Lead styphnate 3
Lead azide 12
BTNEU >45
Ammonium perchlorate (AP) >45
BTNEU /AP >45
Nitroglycerin Cannot be detonated
PETN Cannot be detonated
RDX Cannot be detonated
TNT Cannot be detonated

Modified DuPont Drop Test,”® In its sensitivity testing, DuPont

has modified the conventional drop weight testing procedure. The primary
differences between the DuPont and BuMines or Picatinny apparatus gre in
the use of a variable weight assembly as the drop weight, the pin and a
commercial bronze cup are used for both liquids and solids and both the
50% point and minimum energy level for positive results are reported in

kg-cm,

Schlagen Imprct Test.!'®! This is a pendulum type impact test in

which the sample is placed in a plastic or aluminum tube container and is
struck by weights on a pendulum arm., The amount of energy delivered is
varied by changing weights at the end of the pendulum and by changing the
starting height of the perdulum. Results are reported in kg-cm, some-

times with a description of variations in sample treatment,

ICI Impact Test.'2? The apparatus used here consists of a % kg

mild steel hammer (weight) which is allowed to fall from a predetermined
height onto a fixed volume of sample placed between the faces of two

steel roller bearings, % inch in diameter by %} inch ong. The bearings
are suitably held in place Ly collars and the whole assembly rests on a
steel plate, The maximum height for detonation failure for ten attempts
ard height for at least one positive result are reported. Values obtained

for standard explosives are:

RDX 25-30 cm

PETN 30-40 cm

Tetryl 60~-70 cm

NG 25-30 cm

TNT Negative
7

UNCLASSIFIED




A

o ——— T T ey VT S ST ———— e

UNCLASSIFIED

2. Shock Sensitivity Tests

Good correlation has been obtained in the explosives field between
shock sensitivity tests and field handling experience. The shock test is
used in the propellant field to order sensitivity of propellant ingredients

and formulations relative to known compounds.

Gap Test ,26%8,270 This test is used for direct evaluation of shock-
induced detonability of materials. It consists of transmitting a high
energy shock wave from a donor through a "gap' filled by an attenuating
material of plastic to the acceptor, which is the test sample. The
distance hetween the donor and acceptor is varied and the results are
reported in terms of 50% probability of explosion, The more sensitive
propellants cive a large gap test value (reported in terms of "cards" or
inches) because they can be initiated by a weak shock (caused by attenu-
ation through a larger gap of plastic); the least sensitive materials
have a small value, Data for known explosives may also be reported for
comparison, Caution should be used in interpreting the meaning of gap
test values since the results of this test are known to be influenced by

the gecmetry of confinement and kind of container materials,%5%,256

Base Load Test.’® This test was used by DuPont to measure the

susceptibility of solids and liquids to explosion when initiated by a
standard explosive charge. The "base load" is the material to be tested
and is contained in a commercial cap shell, The base load <harge is fixed
at a constant volume, The initiating charge is a DuPont E-94 cap placed

in contact with the test material. The assembly is placed on a lead
witness plate and the cap is initiated., Relative enc [y release is
determined by comparing the size of the indentation or hole in the lead
plate with a standard series using NF, PETN, and lead azide. The standards
are numbered from O to 6, with O beiny the most positive designation for

a strong detonation.

3. Thermal Stability Tests

Long-term storage stability and stability to the conditions

encountered in developing, manufacturing, and using an ingredient in a
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rocket motor are of great importance., Information about the stability
of a particular material is obtained early in the research phase by any
of several small-scale accelerated test methods, Each test gives results
which are informative when related to a standard compound whose thermal

stability is well known, and some correlate well with long term storability.

Vacuum Thermal Stability.2®? The vacuum thermal stability test

simply measures the amount of gas given off from the sample at a pre-
determined constant temperature under reduced pressure., Several variations
of the following basic method have been reported, primarily in the manner
of heating the test sample and assembly of apparatus. A weighed sample
is placed in a glass heating tube of known volume which is suitably
connected to a calibrated glass capillary tube and to a vacuum pumping
gsystem, The capillary tube is terminated by a mercury reservoir, The
system is evacuated to a pressure of about 5 mm of mercury and the level
of the mercury which rises in the capillary is marked and recorded., The
heating tube is maintained at the desired constant temperature, usually
60, 90, or 100°C, until the sample decomposes or for a predetermined
period of time, The volume of gas liberated is calculated from the
difference in initial and final stages of the mercury, the volume of the
capillary tube per unit length, and the volume of the heating tube reduced
to standard temperature and pressure, Results are reported in cc of gas
per gram of test sample for the length of the test in hours at the
temperature used: cc/g/hrs/°C, Explosives in use today are quite stable
and evolve very little gas by this test. Compounds which give more than
3 cc/g/48 hrs/100°C are considered relatively unstable and may not be
usable as ingredients, Impurities in very small amounts can drastically
affect the results; consequently, high purity of the test sample is an

absolute necessity,
Variations of this test may be found in references 99, 127, and 271.

Taliani,273,274 The Taliani thermal stability test differentiates
between stable and unstable compounds by the increase in pressure with
time in a constant-temperature, constant-volume system containing the

test gample and air, nitrogen, or other gas. The apparatus is similar
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to the vacuum thermal stability apparatus except that the volume is B
maintained constant by a mercury leveling device. Data are obtained in
terms of pressure change, converted to STP conditions, and reported as

cc of gas evolved per gram of sample at the chosen temperature and time

interval,

Wenograd,! 55,275,276 The Wenograd thermal sensitiviiy method
measures the time delay to explosion as a function of temperature. The
sample is loaded into stainless steel hypodermic needle tubing and is
rapidly heatec by a capacitor discharge to temperatures giving explosion
time delays from about 50 usec to sevefal milliseconds., Data may be
reported as a plot of the log,, time delay in milliseconds versus
reciprocal temperature and compared in the same plot with results from
a standard explosive., Alternatively, the temperature for thermal
initiation at 250 usec may be reported for the test compound, When com-
pounds are compared, the one requiring the highest temperature for thermal
initiation is considered to be the least sersitive, and the compound
requiring the lowest temperature for initiation is considered the most
sensitive. A correlation of test results with impact sensitivity and
supporting evidence has been reported.27® The Wenograd test has been
studied by Roth, 277 who suggested that explosion delay times are induction
times for chemical reactions involving a vapor phase; he also found that

some correlation with other tests may be possible.

Differential Thermal Analyses.!?? This method essentially involves

the thermal decomposition analysis of a test material in comparison with
an inert reference material being heated at the same time. The apparatus
consists of a temperature programming and control system, a furnace with
control thermocouple and with the readout reference and differential
thermocouples inserted at the geometrical center, and an amplifying and
recording system for the readout thermocouples, The output, AT, of the
differential thermocouple in the test specimen forms the y axis of an

x-y recorder and the output of the thermocouple in the reference material
versus 0°C, in the x axis. Thus a sample is heated at a constant rate
until it decomposes, as evidence by an exotherm being recorded as a

change in slope in AT above the base line, often as a very sharp peak.

10

UNCLASSIFIED

TR S RS




o ]

UNCLASSIFIED

The decomposition temperature is reported as the temperature on the x axis
at which the exotherm occurred. When solid samples melt or liquid samples
boil the change in phase is recorded as an endotherm, or a changec in AT

below the base line,

Thermogravimetric Analysis,2’8 Thermal analysis of a sample on a

thermobalance is used to detect and record the change in mass of the
substance being heated as a function of temperature or of time, or to
record changes as a function of time in a sample held at constant temper-
ature, Data are recorded as an x-y plot and the results of the analysis
may be reported as percentage loss in a period of time at a specified

temperature or percentage loss over a temperature range,2®

Copper Block Test,”® This is an autoignition test designed by

DuPont. A cylindrical copper block with vertical holes to contain the
material and a thermometer is used to obtain the autoignition temperature
o} materials, Material to be tested is placed in a test tube and inserted
into the block, The top of the tube is covered and the whole assembly is
placed on a hot plate adjusted to give a temperature rise of about 5°C

per minute, The temperature at which fume-off or explosion occurs is
recorded, This test gives more confinement and more control of heat-up

than does the hot bar, and in general gives more reproducible results,

Hot Bar Test (DuPont).”’® A Parr-Dennis melting point apparatus is
used to determine the unconfined decompcsition temperature of energetic

materials, Tests are run to obtain the time to decomposition or explosion

at 250°C,

This test is a fast measure of short-time explosion or decomposition
temperature and requires very small amounts of material, However, the
results are influenced by the amount of material used, physical condition
of material, condition of hot bar surface, and lack of confinement,

The apparatus consists of a copper bar 17 inches long and 1 inch
squar¢, silver plated, and heated at one end to provide a temperatu:e
gradient along its length, The surface temperature of the bar is

measured with a copper-constantan thermocouple mounted on a sliding arm

11
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and connected to a potentiometer which reads directly in °C. Bar temper-

atures may be adjusted to 300°C.

Autoignition (Esso) . 115:116 Ap explosion temperature test has been

modified by Esso for comparison of the thermal sensitivity of very high

energy compounds. A sample is contained in the freshly polished empty copper

cup of a No. 8 blasting cap whose bottom has been accurately ground to a thickness
of 0.08 mm, The cap is then sealed by a Teflon plug, leaving an air space

above the sample, The sample is clipped to a plunger and lowered into a

molten Woods metal bath held at a known temperature., The delay between

the time the sample enters the bath and explosion of the sample is noted,

This explosion delay time is measured versus temperature for several

temperatures preselected to give a range of delay times from 0,1 to about

10 seconds. The data have been used to calculate kinetic parameters,

Friction Sensitivity.

1, Esso,!!? Esso has designed a friction test device for very
sensitive materials which pinches the sample between steel plates in the
presence of grit in order to avoid the grcss heating and impact forces
of the pendulum friction sensitivity tester, A l-inch-diameter stainless
steel machine screw with polished end bears on a flat polished surface
with the sample and added grit between the screw end and plate. Thus the
test material is subjected to slow shear in the presence of grit under
monotonically increasing pressure as the screw is turned. The dominant
test variable is the Mohs hardness of the added grit, with harder grit
making the test more severe, Data from the test are reported in Mohs
hardness of the grit needed to produce a positive test, Nitroglycerin
gives a negative test ror bare tools and grit hardness numbers of 5.5
and 10, Other negative tests are given by tetryl and PETN, and lead
azide gives a positive test at 5.5 Moh hardness, Therefore materials
with positive tests with grit at any hardness or with bare toouls are

more sensitive than these standard explosives,

2. Aerojet,27? Aerojet uses a rotational friction tester
which moves the sample against a stationary ram holding loads of various

sizes, The sample is placed in a circular groove in the rotating porticn

12
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of the device and a mating stationary ram is placed on the sample, The
sample holder is rotated at speeds from 400 rpm up to 7000 rpm, Loads
on the stationary ram can be increased to 4000 g. Tests have shown that
very sensitive materials generally decompose, ignite, or explode within
a few seconds, before the sample holder has reached autoignition temper-
ature, Data are reported in rpm and load siue to obtain a positive test.
Thus the sensitive materials give a positive test at low load and rpm,

A relative friction sensitivity factor is also used, obtained by multi-
plying load by rpm by 10~%, e.g., a sensitive material with positive

test at 500 rpm and 500 g has a relative number of 0,25,

4, Spark Sensitivity Tests

Many accidents in the explosive and propellant fields have been
attributed to electrostatic discharge., Consequently several tests have
been devised which pass a spark of known energy through the test sample.
The energy required for explosion is related to the amount of static

potential it is possible for man to accumulate,

Spark (Static) Sensitivity.”? A test used bv DuPont is designaved

the "leg to shell" test. The test material is confined in a cylindrical
cap shell and static dischargs takes place through the sample between
buiried bridge posts, The usual method of reporting results is by com~
parison with the electrostatic charge which might be built up on a human
body under ideal conditions. Capacitance measurements on an individual
have ranged from 0.0001 to 0.0004 pfd. A reascnable value seems to be
0.0003 pfd. The maximum static potential that a man can accumulate is
about 10,000 volts, equivalent to 0.015 joule. A material which can

be ignited by static electricity with energies near or below 0,015 joulg
or 10,000 man-equivalent volts (M.E.V.) is considered too hazardous for

handling unless the possibility of static discharge can be eliminated,

Esso?7? uses a test similar to the Bureau of Mines spark tester,280
In this apparatus capacitors in the range of 500-8500 picofarads are
charged to 5 to 15 kilovolts and discharged from a needle point through

the sumple, Data are reported in joules and compared to the static
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potential of a man, Other spark testers operate on the same general
principle of point source to ground for the discharge and through the
test sample, Platt and Ford?®! have described a similar wire~-to-ground
electrostatic test device for hydrazine diperchlorate and have included
descriptions of other empirical tests used by Thiokol on propellant

materials,
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III DISCUSSION

A, Structure Sensitivity Relationships

1. Introductggg

In this section we discuss some correlations between the sensitivity
of NF compounds and their structures. When considering the large number
of individual piecus of data summarized in Section IV, it is natural to
be concerned with general conclusions that can be drawn and with the
overall present state of the art in the NF sensitivity field. It would
be desirable to rank NF compounds of various structures by some quanti -
tative test number or weight factor <erived from a set of numbers. Un-—-
fortunately for an evaluation or comparison on a quantitative basis, the
reported results are too inconsistent and confusing. However, if we
evaluate the information in the search for general trends and correlations,
some useful information can be distilled from the mass of data. There-
fore, we shall attempt to point out in this section some valid relation-
ships between the sensitivity characteristics of NF compounds and their

structures.

Propellant ingredientsensitivity has followed the same general trend
as explosive sensitivity--ramely, scnsitivity becomes more severe with an
incrcase in the compound's energy, which can be stated in various ways
such as fluorine balance, NF, to carbon ratic, or heat of explosion.

Much of the desensitization work on propellant compounds has shown results
similar to those for explosives; for example, dilution of the very ener-
getic NF materials is the most effective way to desensitize them. Explo-
sives technology relating to manufac..re and handling is applicable to

NI propeliant ingredients; however manufacture and handling of NF compounds

involve sensitive liquids more frequently.
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Attempts to prepare corrvelation tables revealed that results of
tests in various labcratories are not directly comparable and are in-
consistent even on the same compounds. There are several reasons for
this situation., Results of many tests are greatly inf luenced by physical
factors, such as variations in design of test equipment, small aeviations
in test procedures, humidity, or materials of construction. Variable
interpretation of test results by different laboratories introduces another
factor of error in the quantitative measure. And results in NF compound
sensitivity measurements are particularly influenced by impurities. (We
often found little evidence of purity control.) This immediately creates
some doubt regarding the vaiidity of the result as a quantitati&e measure

of the test compound's sensitivity to that particular test.

Many laboratories have modified standard iests for internal use, or
they have devised new tests in an effort to simulate an actual handling
situation. All ot these changes make it difficult %o evaluate the real
situalion, However, several laboratories have used a variety of tests
on a large number of compounus within a general class, Since such results
weve obtained in the same laboratory on the same devices, as for example
the Esso tests on = series of tris-difluoroamino methoxy compounds,?84

they are useful. for detecting structural effects.

The following discussion is a qualitative review of the sensitivity
situation for NF compounds falling in the classes of alkanes, ethers,
esters, guanidines, and compounds of high nitrogen content, with addi-
tional comment on mixed group compounds such as NO,~NF,, Thermal sta-
bility is discussed only as it pertains to sensitivity situations. This
discussion includes consideration of compounds which are more sensitive

than nitroglycerin or cyclotrimethylenetrinitramine (RDX) according to

srocific tests.
2, Alkanes

Sensitivity tests and related work on membexrs of the difluoroamino
alkanes have provicded an excellent basis to determine substituent effects

by the NF, group on a carbon chain. Thic has been particularly true of
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bis~difluoroamino alkanes, since research on all of the isomers of the

-~

bis-NF, propanes and some of the butanes has been relatively extcnsive.
Consequently structure-sensitivity relationships can be determined rela-
tive to NF, position in the compound or carbon branching without being
influenced by some other functional substituent. A few of the isomeric
structures of the tris-difluoroamino alkanes have been prepared and the
available sensitivity information permits some comparisons with tris-
difluoroamino methyl compounds. Some of the data used is summarized in

Table I.

Mono-difluoroamino compounds are relatively few in number and rela-
tively little sensitiviiy test data are avaiiable. The simplest member,
H;CNF2, is known to be quite sensitive and has been involved in explosions
in vacuum lines and in preparation, 282 Tertiary-butyldifluoroamine
(221a)¥ is not sensitive to impact and is thermally stable to 125°C; its
decomposition mechanism is discussed below, Tritryl difluoroamine (390)

is stable at 90°C,

In the bis-difluoroaminc alkane series correlations can be made re-
lating to the ratio of NF, to carbon and position of NI, on the carbon
chain. As one may expect, bis(difluoroaminc)methane (43) is quite sen-
sitive to impact and thermally unstable. Of the two-carbon bis isomers
reported, 1,2-bis(difluoroamino)ethane (80) is sensitive to impact ard
is much more sensitive than nitroglycerin. 1,1-Bis(difluoroamino)ethane
(79) is thermally unstable and, by analogy to other compounds on the

basis of NF, to carbon ratio, is probably quite sensitive,

Distinct positional etfects of the NF, group on the carbon chain
are quite discernible in the propane series., All of the four propane
isomers have been studied in a fundamental research program in which
differences in thermal and chemical stabiiity and in detonation charac-
teristics are significant to practical situations in manufacture and

handling.2'17244 Empirical testing information qualitatively indicates

* In this section a number in line within parentheses is the number assigned
to the compound in Section IV "Compilation of Raw Data." If no number is
glven; the compound is referred to by acronym. The compound number can be

{ obtained from Appendix A which lists acronyms for the compouads and the
corresponding numbers.
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that the geminate compound 2,2-bis(difluoroamino)propane (128) is much
more sensitive than the 1,2-isomer (126) to impact, and that it is in
the nitroglycerin range. The 1,Z-propane did not show unusual sensi-
tivity in its tests. The 1,3-isomer (127), having the two NF, groups
separated by a CH, group, appears to be much less sensitive to the
impact test than the other isomers. However, the 1,1-, 2,2-, and 1,3-
bis(difluoroamino)propanes exhibit a high degree of seunsitivity to
static discharge. The 1,3-isomer is relatively the least sensitive,

the 2,2-compound hext, and the terminal geminate, 1,1-DP, is the most
sensitive. Comparative static sensitivity for the 1,l1-isomer versus the
2,2-isomer was obtained when the compounds were prepared for shipment.283
For shipping purposes, a 3-to-1 dilution of 2,2-DP (128) by Arociilor was
necessary to eliminate initiation to detonation, whereas explosion by
spark in the 1,1-DP (125) could not be eliminated unless it was diluted
fivefold.283 The static zensitivity of 1,2-DP (128) seems tc be some-

what less than that of the other propane isomers.”?

A study of the explosion phenomena of the bis propane isomers by an
SRI laboratory has revealed some rather significant information concern-
ing their initiation and propagation of explosion.211'224»258 The
compounds exhibit both a low velocity (LVD) and a high velocity detona-
tioa wave (HVD), and have a very small critical diameter for transition
from HVD to LVD when initiated in heavy lead confinement. For 1,1- and
2,2-DP (125, 128) the transition diameter for thke high to low velocity
is about 4,0 mm, and for the 1,3- and 1,2-isomers it is about 1.6 mnm,
The failure diameters for the low velocity wave in all the isomers are
below 1,5 mm, These measurements indicate that there is no practical
diameter below which these NF compounds will not propagate at either low
or high velocity, A study of the low velocity detonation (LVD) phenomenon
in the gap test configuration showed that 1,2- and 2,2-DP were easy to
initiate at low shock pressures and that VD wave is easily obtained. Low
velocity detonation was initiated by shock waves which had been attenuated
by 187 cm (about 5.5 ft) of Plexiglas in 2,2-DP and about 95 cm for

1,2-DP. 238 The LVD waves are damaging; consequently, if the phenomenon
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is characteristic of a broader range of NF compounds, a serious problem
exists in the manufacture and handling hazard of NF liquids. The bis
prevane isomers show good thermal stability as a group. Various studies

of their decomposition kinetics and mechanisms are reviewed below,

Relatively little information is available on the butane bis-NF,
isomers. One of these, IBA {213), has had some study in empirical tests
which show possibly a little less sensitivity than for the corresponding
1,2-propane isomer. The critical transition diameter for high to low
velocity detonation is higher than the propanes--10 mm as against 4 or
1,6 mm=-~but this is not of practical significance. The IBA and its
isomer, 2,3-DB (210), both have the ease of initiation characteristic
that the propanes do. Reported impact sensitivities of the 1,1- and
2,2-his-(difluoroamino)butanes (208, 209) indicate that they were highly
sensitive even if the test results were two orders of magnitude too low.

A limited amount of spark and impact test data in uncontrolled experi-
ments suggests that the geminate group may impart sensitivity to a com-
pound regardless of the size of the molecule. Some support for this
generalization is indicated by the results obtained at NO): in the Wenograd
test of the thermal sensitivity of a series of geminate and vicinal alkanes
containing up to six carbons.!3% There was relatively little change in
temperature at 250 psec delay of explosion for the 2,2-geminate compounds,
whereas the 1,2-vicinal compounds had the expected increase in tempera-
ture at 250 ysec delay (i.e., they were less thermally sensitive as the
molecular dilution by CH, groups increased). The 1,1 or terminal geminate
series did not follow this relationship; 1,1-DP was more sensitive than
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